EGFR and c-Met are receptor tyrosine kinases that are implicated in tumor development and progression in several types of cancer. Both EGFR and c-Met, which are known to be overexpressed and mutated in cancer, share common signaling pathways, including the PI3K/ Akt and MAPK pathways. Small molecule tyrosine kinase inhibitors and monoclonal antibodies that work against EGFR and c-Met are at the forefront of cancer therapy, but their individual efficacies are limited due to the development of drug resistance. In recent pre-clinical studies, we observed that combination therapy using mTOR and Wnt inhibitors with EGFR or c-Met tyrosine kinase inhibitors resulted in overcoming drug resistance. Our studies also indicated that EGFR and c-Met tyrosine kinase inhibitor resistance may be due to activation of alternative signaling pathways. The development of additional combinatorial therapies is underway, and various combinations of inhibitors have shown promising results in clinical trials. Future studies in this direction could be the basis for development of new cancer therapeutics, utilizing EGFR and c-Met inhibitors, which could greatly improve patient prognosis.
Introduction
In 2014, an estimated 1,665,540 total cancer diagnoses and 585,720 cancer mortalities will occur in the United States. During recent years, cancer incidence rates have declined in men by 0.6% per year, while incidence rates have remained stable in the female population. Cancer mortality rates have decreased in males by 1.8% per year and 1.4% per year in females [1] . In less developed countries located in South America, Africa, and Asia, the incidence and mortality rates of most cancers are on the rise, most likely due to incorporation of unhealthy western lifestyles, such as smoking, high fat diet, and consumption of highly processed foods [2] . The most frequent cancer diagnosis in the United States, in males, is in the genitourinary system (243,460), which is primarily due to the large number of prostate cancer diagnoses (233,000). In the female population, breast malignancies are the most frequent cancer diagnoses (232,670). However, lung and bronchus cancers are estimated to have the highest mortality of all malignancies, for both sexes, in 2014 (163,660) [1] .
Human epidermal growth factor receptor (EGFR) and c-Met are receptor tyrosine kinases (RTKs) that are encoded by genes located on the short arm of chromosome 7 [3, 4] . Both RTKs have an extracellular ligand binding domain, a transmembrane portion, and a tyrosine kinase moiety, located intracellularly [4, 5] . Under physiological conditions, EGFR is activated by numerous ligands, including epidermal growth factor (EGF). The activated receptor becomes bound to either an identical receptor (homodimerization) or another receptor in the HER/ErbB family (heterodimerization) [6] . In contrast, c-Met is activated by a single ligand, known as hepatocyte growth factor/scatter factor (HGF), which is secreted by fibroblasts, smooth muscle cells, and other mesenchymal cells [4] . Stimulation of EGFR and c-Met, by binding of their corresponding ligands, results in autophosphorylation of the tyrosine kinase domains, which causes downstream signaling and further activation of the mitogen-activated protein kinase (MAPK), RAS-RAF-MEK-ERK/MAPK, and phosphatidylinositol 3-kinase (PI3K)/Akt pathways [3, 7] (Figure 1 ). Under physiological conditions, the PI3K/Akt and MAPK pathways are involved in diverse cellular processes, such as angiogenesis, metabolism, growth, proliferation, survival, protein synthesis, transcription, apoptosis [8] , differentiation, organism development, and cell cycle regulation and progression [9, 10] .
Cancer cells, namely squamous cell carcinomas of the head and neck, colorectal cancer (CRC), glioblastoma, and non-small cell lung cancer (NSCLC), express RTKs such as EGFR and c-Met [11, 12] . However, RTKs on tumor cells have altered functions due to mutations or overexpression, which can result in increased activation and tumorigenesis. Inhibition of these altered tyrosine kinases has become a therapeutic strategy for patients with tumors that overexpress these receptors or contain mutated forms of these RTKs. Inhibition methods and therapeutic options include molecules that inhibit tyrosine kinase activity, and monoclonal antibodies (MAbs) that interfere with ligand binding to RTKs [11] . MAbs, such as cetuximab (EGFR inhibitor), and small molecule tyrosine kinase inhibitors (TKIs), such as gefitinib, erlotinib (EGFR inhibitors) and crizotinib (c-Met/ALK/ROS1 inhibitor), are currently used for NSCLC therapy and have shown great promise in improving prognosis of several other forms of cancer [12] [13] [14] (Figure 1) .
EGFR: Structure, Targeted Pathways and Dysregulation in Cancer
EGFR is a member of the HER/ErbB RTK family, which consists of four proteins, EGFR (ErbB1, Her1), HER2 (EGFR2, Her2/neu), HER3 (EGFR3, ErbB3), and HER4 (EGFR4 or ErbB4) [13, 15] . The general structure of this family of receptors is made up of a glycosylated extracellular domain, a hydrophobic transmembrane portion, and an intracellular section with a juxtamembrane (JM) segment, a protein kinase domain, and a carboxyterminal tail [5, 16] . The extracellular domain contains four parts, which include leucine-rich segments that are known to participate in ligand binding (domains I and III) and sectors with numerous cysteine residues that are involved in disulfide bond formation (domains II and IV) [5, 17] . In addition, domain II participates in homodimer and heterodimer formation with HER/ ErbB family members. The ability of these proteins to function as homodimers and heterodimers, in various combinations, allows EGFR to initiate complex signaling cascades [16] . To add another layer of complexity, there are numerous known ligands (greater than 30) [18] for the HER/ErbB family, out of which there are seven ligands that bind to EGFR specifically, including EGF, transforming growth factoralpha, heparin-binding EGF-like growth factor, amphiregulin, betacellulin, epiregulin, and epigen [19] . It has also been found that the binding of particular ligands can cause induction of diverse dimerization reactions, such as binding of EGF, which induces heterodimerization of EGFR with HER2, HER3 or HER4 [20] .
In regards to cancer therapeutics, EGFR and its family members have emerged as promising targets, due to their multiple and diverse roles in cancer progression, as well as their overexpression or mutation status in several types of cancers, including lung, breast, pancreatic, esophageal, CRC, and head and neck cancer [16, [21] [22] [23] . Specifically, EGFR has been demonstrated to play an important role in the development and growth of tumor cells, in which it is involved in multiple cellular responses, such as apoptosis and proliferation [24, 25] . Overexpression of EGFR has been implicated in greater than 60% of NSCLC patients. NSCLC cell lines also produce EGFR ligands, EGF and transforming growth factor-alpha, which bind to the EGFR receptors in an autocrine fashion, resulting in cell proliferation and gene transcription [3] . EGFR mediates these cellular responses via several downstream signaling pathways, including the PI3K/Akt and the MAPK pathways [26] . The PI3K/Akt pathway is known to have an important role in mediating cell survival, while the MAPK pathway is associated with cell proliferation [8] [9] [10] . These pathways and other HER/ErbB family signaling components further regulate angiogenesis, adhesion, cell motility and migration, development, differentiation, organogenesis, and survival of cancer cells [5, 16, 18] .
c-Met: Structure, Targeted Pathways and Dysregulation in Cancer
c-Met is a disulfide-linked heterodimer that is comprised of a 50 kDa α-chain and a 140 kDa β-chain [7, 14, 27] . The extracellular region of c-Met is composed of a seven-bladed β -propeller semaphorin (sema) domain, which is attached to a PSI domain. The PSI domain is subsequently attached to four immunoglobulin-like repeat domains. In addition, the sema domain contains the binding site for HGF, the only known naturally occurring stimulating factor of c-Met [14, 27] . HGF is a six domain signaling peptide originally identified as a growth factor for hepatocytes and as a motogenic factor for fibroblasts [14] . The six domains of HGF are comprised of one N-terminal domain, four kringle domains, and a C -terminal domain [14] . HGF binds to the sema domain, which leads to c-Met dimerization and intrinsic tyrosine kinase activation due to the phosphorylation of tyrosine residues, Y1230, Y1234, and Y1235, within the intracellular tyrosine kinase domain [4] . In addition, the intracellular region of c-Met is composed of a JM domain and a carboxyterminal tail, which is believed to be involved in downstream signaling [27] . The tyrosine kinase region is also responsible for the initiation of downstream signaling, primarily through the PI3K/Akt, MAPK, and signal transducers and activators of transcription (STAT) pathways [7] . Activation of these pathways is necessary for cell scattering, a crucial step in wound healing and tissue repair and reconstruction [7] . PI3K is also required for c-Met and HGF mediated mitogenesis and motogenesis [14] .
Concerning dysregulation in cancer, c-Met is frequently associated with tumor growth, invasion and metastasis [7, 27, 28] . Cancer cells are able to gain malignancy through overexpression of the c-Met receptor and HGF, autocrine signaling, mutations leading to increased receptor activation, and gene amplification [27] . Furthermore, studies have shown correlations between tumor type and specific dysregulation. Autocrine stimulation of c-Met is most commonly seen in gliomas, osteosarcoma, pancreatic cancers, and gastric cancers [28] . Signaling associated with c-Met mutations leads to increased angiogenesis, tumor invasion, metastasis, and decreased overall prognosis of cancers [28] . c-Met is also frequently co-expressed with PAX5, a nuclear transcription factor in small cell lung cancer (SCLC) and neuroendocrine tumors [14, 29] . Moreover, one study proposed c-Met as a target of the Wnt signaling cascade, which initiates CRC tumorigenesis [30] .
Mutations in EGFR and MET
Activating mutations in EGFR and c-Met RTKs are linked to the formation of tumors in multiple types of cancers. Mutations that involve the kinase domain of EGFR are labelled as activating mutations, due to activation of tyrosine kinase activity that is independent of ligand binding [31] . This region also serves as the binding site for various small molecule inhibitors, such as erlotinib and gefitinib [31] . Mutations of the EGFR gene are located in the first four exons of the tyrosine kinase domain (18 through 21). Activating somatic mutations of EGFR fall within three classes. Class I mutations are in-frame deletions in exon 19, which result in the loss of four to six amino acids (E746 to S752). Class II mutations consist of single nucleotide substitutions, occurring in exons 18 through 21, which alter the amino acid sequence. Lastly, class III mutations are in-frame duplications or insertions of exon 20 [32] . The majority of tyrosine kinase domain mutations occur in either exon 19, including class I deletions, or exon 21, such as missense mutations at 858 (L858R) in which arginine is substituted for leucine [32] . A recent discovery has also revealed a rare exon 22 mutation (E884K) of EGFR that works in concert with L858R to alter sensitivity to EGFR kinase inhibitors. The presence of both E884K and L858R has been shown to decrease erlotinib inhibition, however, these mutations together increase inhibition by gefitinib [33] . Overall, EGFR mutations within the tyrosine kinase domain destabilize the conformation of the domain and lead to prolonged activation of kinase function, as well as downstream signaling pathways [31] . patients who were initially responsive to EGFR TKIs, but gradually developed resistance to this treatment [31] . The T790M point mutation can be found near the kinase active site and is associated with resistance to gefitinib-induced suppression of EGFR activation through increased ATP affinity of the receptor, which reduces TKI efficacy [31] . Specifically in NSCLC, acquisition of T790M accounts for more than 50% of all acquired resistance against EGFR TKIs in patients [31, 34] , and the presence of this mutation prior to first-line treatment with TKIs has been shown to result in the development of primary resistance [35, 36] . Additional secondary point mutations include T854A in exon 21, and the L747S and D761Y mutations of exon 19 [32] . Overexpression of MET can be due to transcriptional activation, hypoxia or amplification, which has been associated with metastasis of primary tumors and a poor prognosis in patients with breast, endometrial, hepatocellular, and renal carcinomas, as well as gastric, CRC and bladder cancers [37] . MET mutations may activate the receptor through high-affinity binding of the HGF ligand or through autophosphorylation. Activation of the receptor induces a signal cascade, which results in subsequent activation of various signal transducers such as GRB2, GAB1, PI3K, STAT, ERK, and FAK. The MET gene also has activating mutations, particularly in the sema and JM domains. Mutations in the MET gene, T1010I and R988C, increase the rate of phosphorylation of the signal transducer and adaptor protein, paxillin, which is also overexpressed in NSCLC [14] . Under normal conditions, c -Met signaling and activation by HGF can be terminated by c-CBL, an E3 ubiquitin ligase, which binds to Y1003 on the JM domain. This c-CBL binding leads to the internalization of the c-Met receptor via clathrin-coated vesicles [14] . However, when the Y1003 position is mutated, the HGF receptor is not ubiquitinated, resulting in decreased lysosomal degradation, increased stability and additional oncogenic activation [38] . Mutations of the JM domain are associated with SCLC (S1040P, T992I, and R970C) as well as other cancers including melanoma (N930S) and gastric carcinoma (P991S) [14] .
Missense mutations that occur in MET can be found within the tyrosine kinase domain. The formation of solid tumors due to these missense mutations occurs in hereditary papillary renal carcinomas (HPRC), childhood hepatocellular carcinoma, and a small percentage of squamous cell carcinomas of the head and neck, leading to the invasion and metastasis of tumor cells [39] . MET missense mutations, R970C and T992I, are also found in nearly 3% of CRC [40] . These mutations disrupt phosphorylation of the serine residue, S985, which normally negatively regulates c-Met kinase activity. Missense mutations of MET in HPRC can positively regulate c-Met kinase activity when the mutation occurs on either side of two tyrosine residues at the catalytic sites, pY1234 and pY1235. The variation between mutational activities in CRC versus HPRC patients is thought to be a result of negative or positive activation of the c-Met kinase [40] . The sema domains are necessary for the dimerization, activation, and regulation of c-Met, and may be targeted for therapeutic treatment in c-Met dependent cancers that are regulated by activating mutations of MET. Mutations in the sema domain are often seen in lung cancers and nearly 7% of mesothelioma patients (N375S, M431V, and N454I) [38] . However, additional research is needed to unveil the exact functional role of the various MET mutations mentioned above.
EGFR and c-Met as Therapeutic Targets: Agents targeting EGFR and c-Met
EGFR and c-Met are considered as important molecular targets in current cancer therapeutics. The most common therapies targeting EGFR and c-Met are kinase inhibitors and MAbs [3, 41] . TKIs are small-molecule kinase inhibitors that bind to the intracellular domain of RTKs and inhibit their function. They can be classified by their mechanism of action, in which they compete with adenosine triphosphate (ATP) or act as allosteric molecules. TKIs can be further classified by their binding capabilities as reversible or irreversible inhibitors [42] . Most MAbs work by binding to the extracellular domain of tyrosine kinases and inhibit the binding of receptor ligands, hence inhibiting receptor activation [43] . Cancer cells often amplify and overexpress growth factor receptors, EGFR and c-Met, in order to proliferate [44] . Therefore, MAbs against EGFR and c-Met receptors are used to specifically target cancer cells and to inhibit proliferation by preventing binding of their ligands, EGF and HGF, respectively. Several TKIs and MAbs have been designed against EGFR and c-Met receptors, some of which are currently being used as first-line cancer therapies and others that have advanced into clinical trials [37] (Table  1) .
EGFR TKIs and MAbs
EGFR TKIs act by binding to the ATP binding site of EGFR, which inhibits receptor phosphorylation and hence downstream signaling. Erlotinib and gefitinib are reversible TKIs, which have been approved for the treatment of NSCLC patients [3] . Lapatinib is a dual kinase inhibitor that targets EGFR, as well as the HER2 receptor [45] . Although lapatinib is under late phases of clinical trials for NSCLC (NCT01306045, NCT00313599), it is currently used for treatment of patients with HER2 receptor positive breast cancer in combination with capecitabine [5] . Since reversible TKIs acquire resistance over time, irreversible TKIs that bind covalently to the kinase domain of EGFR and inhibit phosphorylation of EGFR irreversibly are being developed. Afatinib and dacomitinib are examples of such second generation irreversible TKIs. Afatinib has been approved for clinical use in adult patients with advanced or metastatic NSCLC with L858R mutations [46] and dacomitinib is in late stages of clinical trials [47] . In regards to MAbs, anti-EGFR MAbs function as competitive antagonists by blocking EGF binding, hence inhibiting the function of EGFR [48] . Cetuximab, panitumumab, matuzumab, and zalutumumab are a few examples of MAbs that work against EGFR [48] [49] [50] . Cetuximab, a chimeric human/murine IgG1 MAb, and panitumumab, a fully humanized IgG2 MAb, are the only monoclonal antibodies that are approved for the treatment of metastatic CRC, and the remaining MAbs mentioned above are currently in clinical trials [45, 48] (Table 1 ) (Figure 1 ).
c-Met TKIs and MAbs
Tivantinib, cabozantinib, foretinib and crizotinib are c-Met TKIs that have shown in clinical trials [37, [51] [52] [53] [54] . Tivantinib (ARQ197) is a non-ATP competitive c-Met TKI that disrupts phosphorylation of , resulting in inhibition of c-Met downstream signaling. However, recent studies indicate that it may also disrupt microtubule formation [55, 56] . Cabozantinib and foretinib are both multikinase inhibitors, while crizotinib inhibits c-Met as well as ALK and ROS1. Furthermore, cabozantinib is the only c-Met TKI that has been approved by the FDA for the treatment of medullary thyroid cancer [57] . In addition to the above TKIs, anti-c-Met and HGF MAbs, such as MetMAb (OA-5D5) and rilotumumab, respectively, have shown some promising results in recent clinical trials. MetMAb, a monovalent antagonistic MAb, has shown increased overallsurvival in patients with high c-Met expression [37, 58] , and rilotumumab has been shown to inhibit further progression of various solid tumors and to decrease c-Met phosphorylation [59] [60] [61] (Table 1 ) (Figure 1 ).
EGFR/c-Met Inhibitor Pre-Clinical Studies
Various pre-clinical studies have been conducted, by our laboratory and others, to further investigate the efficacy of combination therapies with EGFR and c-Met inhibitors, as well as to evaluate mechanisms of resistance to EGFR/c-Met inhibition. Xu et al. tested the combination of crizotinib (PF2341066) and gefitinib in head and neck squamous cell carcinoma (HNSCC) cell lines to study the combined ability of inhibiting cell proliferation, invasion and wound healing. Various concentrations of the inhibitors were used, and overall, the combination treatment was observed to inhibit cell growth by 79.7% to 95.1% in these cell lines. Moreover, the results demonstrated that the combination of these EGFR and c-Met inhibitors was more effective when compared to either inhibitor used as a single therapy alone [62] . Castoldi et al. developed a bispecific antibody, MetHer1, which was able to successfully target both EGFR and c-Met. MetHer1 was found to reduce proliferation in epidermoid carcinoma and NSCLC cancer cell lines, in an additive manner, compared to single and double drug treatments with cetuximab and 5D5.v2. This bispecific antibody was also shown to be 7-fold more potent in inhibiting migration than a combination of cetuximab and 5D5.v2 at low concentrations. Furthermore, MetHer1 down regulated EGFR and c-Met downstream signaling proteins, such as p-ERK and p-Akt, in five cancer cell lines in vitro, and inhibited tumor growth in NSCLC xenografts in vivo [63] .
Previous studies in our laboratory have demonstrated that combining ligands of EGFR and c-Met, EGF and HGF, resulted in synergistic activation and significant stimulatory effects on NSCLC cell proliferation, motility and downstream signaling [44] . Cross-talk between EGFR and c-Met has been further demonstrated by the fact that HGF can transactivate EGFR, which can phosphorylate and activate c-Met, resulting in synergistic effects on tumor development and progression [64] [65] [66] . c-Met has also been identified as a key player in the development of resistance against EGFR inhibitors. Specifically, in NSCLC, 20% of acquired resistance to EGFR TKIs can be attributed to the amplification of the MET gene [67] [68] [69] , most likely due to this signaling cross-talk between EGFR and c-Met RTKs [44] . In our more recent study, a resistant NSCLC cell line (H358) was treated with single, double, and triple combinations of EGFR (erlotinib), c-Met (SU11274), and mTOR (everolimus) inhibitors. The triple combination was found to inhibit H358 resistant cells by 95%, in comparison to 34% inhibition after double combination therapy. In addition, treatment of XAV939, a Wnt inhibitor, combined with SU11274 and erlotinib, resulted in an 85% decrease in cell viability in resistant H2170 NSCLC cells. Upregulation of downstream signaling proteins, including p-mTOR, p-p70S6K, p-4E-BP1, p-ERK, active β-catenin, p-LRP6 and Axin1, was also observed in H358 and H2170 NSCLC cell lines resistant to erlotinib and SU11274 [70] .
Other studies have focused on microRNA (miRNA), small inhibitory non-coding RNA, dysregulation in the investigation of cancer development and resistance. A recent study found c-Met to regulate a miRNA cluster, miR-23a~27a~24-2, through ELK1, a transcription factor downstream of the MAPK pathway, which is activated by phosphorylated ERK [71, 72] . miR-27a, a mature miRNA member of the miR-23a~27a~24-2 cluster, was also observed to subsequently downregulate endogenous proteins levels of EGFR and c-Met in NSCLC cells [72] . The study further proposed two mechanisms of miR-27a regulation of these RTKs, which included the direct targeting of c-Met and EGFR mRNA 3ʹ UTRs and the indirect downregulation of Sprouty2, a MAPK pathway and signaling antagonist [72, 73] .
Clinical Trials EGFR inhibitor clinical trials
Current clinical trials are ongoing in order to overcome resistance due to secondary EGFR mutations, which have been observed in several types of cancer [74] . Therefore, targeting various downstream and parallel pathways to inhibit the activation of EGFR in cancer cells is thought to be more efficacious. Present clinical trials are also focusing on combinatorial therapies to improve the efficacy of anti-EGFR treatments [74] . Clinical trials involving a combination of oral gemcitabine and erlotinib have been conducted to target EGFR. The phase III trial of this study resulted in significantly improved overall survival (OS) in patients with advanced pancreatic cancer following erlotinib and gemcitabine treatment, compared to treatment with gemcitabine alone [75] . The gemcitabine and erlotinib treatment group resulted in a 23% improvement in 1-year survival, and a similar result was found for OS. Furthermore, the observed improvement in progression-free survival (PFS) of this combination treatment supports the beneficial effects of erlotinib treatment in pancreatic cancer patients [75] .
Another phase III clinical trial aimed at characterizing responses to gefitinib was carried out in 172 chemotherapy-naive NSCLC patients, age 75 or younger, positive for EGFR exon 19 deletions or L858R point mutations. In this study, gefitinib was administered orally every 21 days for three to six cycles. Gefitinib treatment showed a significantly longer PFS of 9.2 months, as compared to the cisplatin and docetaxel treatment group, which showed a PFS of 6.3 months [76] . In a recent update to this study OS was reported, which demonstrated a survival increase of 3 years for gefitinib treated NSCLC patients with EGFR mutations. As a second-line therapy, 61% of patients treated with gefitinib also received platinum doublet, however, the remaining 40% of patients, treated only with gefitinib, had similar outcomes as compared to patients treated using both methods [77] (Table 1) . 
c-Met inhibitor clinical trials
There are several ongoing clinical trials using c-Met inhibitors, which include both combinatorial and single drug therapies [78] . Many of these studies involve drugs that are in phase I clinical trials, in which the overall goal is to overcome acquired resistance. Phase II trials are also being conducted to improve PFS in various types of cancers [79] [80] [81] . Interesting results were obtained in a phase I clinical trial investigating the efficacy of a combinatorial therapy using tivantinib and sorafenib, a VEGF receptor inhibitor [82] , in hepatocellular carcinoma (HCC) patients. In this trial, overall response rate (ORR) and disease control rate (DCR) were 10% and 70%, respectively. In addition, median PFS were reported as 3.5 months, and successful responses included 1 complete response (CR), 1 partial response (PR), and 12 stable disease (SD) responses. Overall, this phase I trial found that the combination of tivantinib and sorafenib was well tolerated, and the observed antitumor activity of the combination therapy suggests that inhibition of c-Met along with other angiogenic modulators may have therapeutic potential, especially in patients already treated with VEGF receptor inhibitors [83] .
In addition, a phase II trial with cabozantinib (XL-184) in castration-resistant prostate cancer (CRPC) patients showed promising results [80] . These results included regression of soft tissue tumors in 72% of patients and improved bone scans in 68% of evaluable patients, of which there was complete resolution of bone metastasis in 12% of patients after treatment with cabozantinib. After 12 weeks of the study, a 5% ORR and SD in 75% of cabozantinib treated patients were also observed. In addition, median PFS was 23.9 weeks with cabozantinib treatment, compared to 5.9 weeks with only placebo treatment [80] . Other tumor types, such as ovarian cancer, are also currently being investigated in this clinical trial (NCT00940225) ( Table 1) .
EGFR/c-MET Inhibitor Combination Clinical Trials
As combinations of TKIs have proven to be more effective than single inhibitor treatment, EGFR and c-Met TKIs are currently being studied together in numerous clinical trials [13, 78] . In a phase II clinical trial, NSCLC patients were given a combination of erlotinib and tivantinib. Tivantinib was shown to increase PFS from 9.7 to 16.1 weeks when given in combination with erlotinib. PFS improvement was particularly prominent among a subset of patients with nonsquamous histology, EGFR wild-type status, and k-RAS mutations [84] . A different phase II combinatorial study was conducted with 128 NSCLC patients, who had received at least one chemotherapy session, in which patients were given MetMAb (onartuzumab) intravenously along with erlotinib. Patients with high c-Met expression, ≥50% of tumor cells staining 2+ or 3+ intensity, were classified as "c-Met positive" by immunohistochemistry (IHC). These c-Met positive patients, who received both MetMAb and erlotinib had a reduced risk of disease progression, by ~2-fold, and a 3-fold reduction in risk of death, as compared to erlotinib treatment alone [85] . More specifically, the combination treatment of MetMAb and erlotinib resulted in a 47% reduction in the risk of disease progression in c-Met positive patients, and the combination treatment significantly increased OS, compared to erlotinib treatment alone, 3.8 versus 12.6 months, respectively [79] . This benefit was not exclusive to EGFR mutation status or fluorescence in situ hybridization (FISH) analysis, but was predominately seen in patients with an IHC 2+ or 3+ status, suggesting that IHC is a more sensitive predictor of the benefit of MetMAb treatment [79, 85] (Table 1) .
Conclusion
Receptor tyrosine kinases, EGFR and c-Met, and their corresponding ligands, EGF and HGF, play crucial roles for normal cell growth, development, differentiation, tissue migration, and wound healing. However, dysregulationof EGFR and c-Met in cancer cells, through gene amplification, overexpression, and mutational events, leads to increased malignancy of tumors and is associated with poor prognosis in a variety of cancers. Due to these malignant associations, EGFR and c-Met RTKs have been acknowledged as potential targets for cancer therapeutics, and have been extensively investigated. TKIs and MAbs targeting these receptors have proved to be effective in controlling the progression of tumors with high EGFR and c-Met expression. However, their use has been limited due to the development of resistance and subsequent recurrence of tumors. Therefore, the focus on EGFR and c-Met RTK inhibitors has shifted from studying their general mechanisms of action to investigating mechanisms of acquired resistance. Of importance, our laboratory has investigated different combinations of TKIs, targeting EGFR, c-Met, and proteins involved in downstream signaling, to explore possible EGFR/c-Met TKI mechanisms of resistance. Our results suggest that EGFR/c-Met TKI mechanisms of resistance may act through downstream signaling pathways, such as mTOR and Wnt, and that targeting of these pathways could be more effective in treatment of NSCLC patients [70] . In addition to pre-clinical studies, several clinical trials are ongoing in various tumor types, in which combinations of EGFR and c -Met inhibitors are being tested, in hope of improving anti-cancer effects and patient response. Further studies are required on this subject, as better understanding of the molecular mechanisms underlying drug resistance is necessary for the development of novel and effective cancer therapeutics.
